1. Introduction
===============

Fatty liver or hepatic steatosis is a metabolic disorder of the liver where lipids accumulate in liver cells via the process of steatosis due to a variety of reasons, including obesity, diabetes, hyperlipidemia, and so on.^\[[@R1]\]^ With a reported incidence of 15% to 30% on general population, fatty liver disease is becoming a prevalent health care problem worldwide.^\[[@R2],[@R3]\]^

B-mode ultrasound is the first-line imaging tool for diagnosing fatty liver. However, on B-mode liver ultrasound, the mass-like focal fatty change (FFC) either focal fat deposition or sparing can be confused with a liver mass for their similar presentations, therefore posing a diagnostic dilemma.^\[[@R4]--[@R6]\]^ Obviously, differentiation of liver mass and mass-like FFC is important in clinical practices, as different clusters need different interventions.^\[[@R6]\]^ Once a liver "nodule or mass" is found on B-mode liver ultrasound, further contrast-enhanced imaging (CEI) examinations, including contrast-enhanced magnetic resonance imaging (CEMRI), contrast-enhanced computer tomography (CECT), or contrast-enhanced ultrasound (CEUS) or even biopsy, are routinely performed, which are reliable for differentiating mass-like FFC and liver mass.^\[[@R7]--[@R9]\]^ However, additional costs and high requirements on experience and equipment limit its wide application, especially in developing countries.^\[[@R10]\]^ Reliable and more convenient method for the discrimination of mass-like FFC and liver mass is still expected on clinic.

Very recently, technologies of shear wave based ultrasound elastography such as point shear-wave elastography (pSWE) and real-time shear wave elastography (2D-SWE) imaging have been integrated into ultrasound systems.^\[[@R11]\]^ With these technologies, the stiffness of liver can be quantified in a very convenient way. The quantified liver stiffness has been proven to correlate well with the progress of liver fibrosis.^\[[@R12],[@R13]\]^ Studies using elastography to differentiate benign and malignant liver masses reported promising results, but more research is needed before it can be recommended in clinical practice.^\[[@R12]\]^ To our knowledge, studies focusing on differentiating benign and malignant liver lesions by elastography described the stiffness of 3 to 5 cases of focal fat sparing (FFS),^\[[@R14]--[@R17]\]^ but little information has been reported so far about the clinical utility of ultrasound elastography in identification of mass-like FFC from real liver mass. In our study, we tried to utilize ultrasound elastography to identify mass-like FFC from liver mass based on their possible stiffness difference.

2. Methods
==========

2.1. Study population
---------------------

This was a retrospective study adhering to Declaration of Helsinki for Medical Research involving Human Subjects and it was approved by the ethics committee of West China Hospital, Sichuan University. Written informed consents were obtained from all patients. From July 2015 to July 2016, 101 patients with grey-scale ultrasound demonstrated hyperechoic "nodule or mass" on a normal liver background or hypoechoic "nodule or mass" on a hyperechoic liver background, but no signs of significant liver fibrosis or cirrhosis were consecutively enrolled in this study. "Nodule or mass" referred to focal liver lesion, which presented as "nodule or mass" for at least 2 different scanning planes on B-mode image. For patients with multiple lesions, the largest one was chosen as the study subject. Exclusion criteria include patients who failed in pSWE examination due to the small size of lesion (\<1 cm, n = 5), deep location of lesion (\>7 cm from transducer, n = 3), or excessive respiratory movement during examination (n = 3); patients with a focal liver lesion; however, neither pathology nor CEI modalities were performed for the confirmation of diagnosis (n = 11).

Characteristics of the study participants are presented in Table [1](#T1){ref-type="table"}. Finally, 79 patients were studied, including 53 patients with liver masses diagnosed by pathology (n = 28) or CEI modalities (n = 25) and 26 patients with mass-like FFCs diagnosed by CEI modalities. Of the 53 liver masses, 25 (47%) were benign masses and 28 (53%) were malignant masses. Fifty-two patients (98%) had simple fatty^\[[@R18]\]^ liver background and 1 (2%) had normal liver background. Of the 26 mass-like FFCs, 13 (50%) had normal liver background and 13 (50%) had simple fatty^\[[@R18]\]^ liver background.
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Characterization of the study subjects.
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2.2. B-mode ultrasound examination
----------------------------------

All patients received B-mode liver ultrasound scanning before pSWE examination. The scanning and diagnosis were conducted by 1 experienced (\>5 years) ultrasound doctor who was blinded to the final diagnosis of the FLL. An iU22 ultrasound system (Royal Philips, the Netherlands) equipped with C5--1 (1--5 MHz) transducer was applied for the examinations. The settings \[gain, depth, contrast, and mechanical index (MI)\] were optimized for each patient.

2.3. pSWE examination
---------------------

pSWE measurements were performed using the same ultrasound system after B-mode examination by the same ultrasound doctor (\>3 years of experience on ElastPQ examination). The size for measurement region of interest (ROI) of ElastPQ was depth dependent with 0.5 cm × 1.5 cm at the depth of 4 cm. The average depth of the measurements was about 4.0 cm, range 3 to 7 cm.^\[[@R12]\]^ The quantified tissue stiffness was expressed in kilopascals (kPa) and displayed over a B-mode ultrasound image (Fig. [1](#F1){ref-type="fig"}).

![In vivo stiffness measurements of 26 patients with mass-like focal fatty changes (FFCs). Stiffness measurement of a mass-like focal fatty change and its fatty background liver displayed over B-mode ultrasound images. The white boxes represent regions of interest for stiffness measurement.](medi-96-e8088-g002){#F1}

For each patient, 10 ElastPQ measurements were performed on the lesion and background liver (at ≥2 cm away from lesion periphery), respectively, at the similar depth.^\[[@R19]\]^ The IQR/M (ratio of interquartile range to median) \< 30% was considered as successful measurement.^\[[@R13]\]^ The measurement was taken during a 5-second breath-hold at the same breathing phase for each patient.^\[[@R20]\]^ Lesion stiffness value (SV), absolute stiffness difference (ASD), and stiffness ratio (SR) of lesion to background were calculated and compared between FFC group and liver mass group. Furthermore, the diagnostic performance of SV, ASD, and SR in the differentiation of liver mass and mass-like FFC was investigated.

2.4. CEUS, CEMRI, CECT examinations
-----------------------------------

CEI was performed after B-mode and pSWE examination. Diagnosis was made independently by 2 ultrasound doctors who were blinded to the pSWE results, each with more than 10 years of experience in CEUS. The final diagnosis was the consensus of the 2 ultrasound doctors. CEUS examination was performed with the same ultrasound machine. MI was set at 0.05. Ultrasound contrast agent of 1.2 mL SonoVue (Bracco, Milan, Italy) was injected into the cubital vein of each patient. CEMRI examination was performed using a 1.5-T MR unit (Siemens Medical Solutions, Erlangen, Germany) with a high pressure syringe injection (injection rate was 2--3 mL/s) of 0.2 mmol/kg gadopentetatedimeglumine contrast agent (Magnevist, Bayer Schering Pharma AG) through median cubital vein. CECT examination was performed by a 64-channel multi-slice computed tomographic (CT) scanner (Royal Philips, the Netherlands) with a high pressure syringe injection (injection rate was 3 mL/s) of 80 to 100 mL iodinated contrast material Ultravist (Bayer Schering Pharma, Berlin-Wedding, Germany) through median cubital vein.

The enhancement pattern of a lesion during arterial phase, portal phase, and delay phase was evaluated with the surrounding parenchyma as reference. FFC showed exactly the same enhancement patterns as the surrounding parenchyma in all phases, while other liver masses presented a different enhancement pattern from the reference in any phase.^\[[@R7]--[@R9]\]^

2.5. Pathological examination
-----------------------------

Surgical specimens of liver lesions were fixed with 10% formalin, and routinely embedded in paraffin. The tissue sections were stained with hematoxylin and eosin (H&E). Pathological diagnosis was independently performed by 2 pathologists, each with more than 7 years of experience. The final diagnosis was the consensus of the 2 pathologists.

2.6. Statistical analysis
-------------------------

Three stiffness parameters, SV, ASD, and SR, were calculated for each individual. Box-and-whisker plot was employed on the original data to display the data distribution. Mann--Whitney unpaired test was performed on the log2 transformed data to determine the significance of difference between 2 variables. All the *P* values were 2-sided. The difference was considered significant if *P* value was smaller than .05. Capabilities of lesion SV, ASD, and SR in the differentiation of mass-like FFC and liver mass were analyzed via receiver operating characteristic (ROC) curve analysis. The area under the ROC curve (AUROC), accuracy, sensitivity, specificity, positive prediction value (PPV), and negative prediction value (NPV) were calculated. Accuracy, sensitivity, specificity, PPV, and NPV were calculated with the optimal cut-offs that maximized the PPV for diagnosing FFC. MedCalc (10.4.7.0, Ostend, Belgium) Software was used to perform statistical analysis.

3. Results
==========

3.1. Stiffness measurements on mass-like FFC, liver mass, and background liver
------------------------------------------------------------------------------

The distributions of SV on mass-like FFCs, liver masses, and background liver are illustrated in Fig. [2](#F2){ref-type="fig"} and Table [2](#T2){ref-type="table"}. Significantly higher SV was found on liver masses than mass-like FFCs (16 ± 12 vs 5.6 ± 2.4 kPa, *P* \< .0001). The background liver stiffness of mass-like FFC group and liver mass group was 4.1 ± 1.4 and 4.9 ± 1.6 kPa, respectively (*P* = .0131).

![(A) Box-and-whisker plot of in vivo stiffness values of 53 liver masses and their background (normal, fatty). (B) Box-and-whisker plot of in vivo SV (stiffness values) of 26 mass-like focal fatty changes and their background (normal, fatty). Means of 5 measurements within an individual were used in the plot.](medi-96-e8088-g003){#F2}
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Stiffness profiles on mass-like focal fatty change and liver mass.
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3.2. Absolute stiffness difference and stiffness ratio between liver mass and mass-like FFC
-------------------------------------------------------------------------------------------

Profiles for ASD and SR are illustrated in Fig. [3](#F3){ref-type="fig"} and Table [2](#T2){ref-type="table"}. The mean ASD was 2.0 ± 1.9 kPa (range 0.06--6.0 kPa) for the mass-like FFC group, while the mean ASD for the liver mass group was 11 ± 12 kPa (range 1.0--58 kPa), as illustrated in Fig. [3](#F3){ref-type="fig"}A. Mean ASD of the liver mass group was significantly higher than the mass-like FFC group (*P* \< .0001, Table [2](#T2){ref-type="table"}).

![(A) Box-and-whisker plot of in vivo ASD (absolute stiffness difference of lesion and background liver) of 26 mass-like focal fatty changes and 53 liver masses. (B) Box-and-whisker plot of in vivo SR (stiffness ratio of lesion to background liver) of 26 mass-like focal fatty changes and 53 liver masses.](medi-96-e8088-g005){#F3}

As illustrated in Fig. [3](#F3){ref-type="fig"}B, the mean SR was 1.4 ± 0.6 (range 0.5--2.9) and 3.0 ± 1.9 (range 0.6--7.5), respectively, for the mass-like FFC group and liver mass group. SR of mass-like FFC group was significantly lower than that of the liver mass group (*P* \< .0001).

3.3. Capabilities of lesion SV, ASD, SR in the differentiation of liver mass and mass-like FFC
----------------------------------------------------------------------------------------------

Diagnostic performance of SV, ASD, and SR for the differentiation of mass-like FFC and liver mass is presented in Fig. [4](#F4){ref-type="fig"} and Table [3](#T3){ref-type="table"}. The AUROC was 0.840 (0.740--0.913), 0.842 (0.742--0.915), and 0.791 (0.685--0.875) for SV, ASD, and SR, respectively. No significantly different AUROCs were found among the 3 parameters (ASD vs SV *P* = .942; ASD vs SR *P* = .101; SV vs SR *P* = .149) as illustrated in Fig. [4](#F4){ref-type="fig"}.

![(A) Receiver operating characteristic (ROC) curve of stiffness value. Area under the curve (AUC) was 0.840. (B) ROC curve of absolute stiffness difference and the AUC was 0.842. (C) ROC curve of stiffness ratio and the AUC was 0.791.](medi-96-e8088-g006){#F4}
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Comparison on diagnostic performance of stiffness value, stiffness difference, and stiffness ratio.
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As revealed in Table [3](#T3){ref-type="table"}, with the optimal cut-off lesion SV \< 5.2 kPa, the PPV, accuracy, sensitivity, specificity, and NPV for diagnosing FFC was 76%, 78%, 50%, 92%, and 79%, respectively. With the cut-off ASD \< 1.0 kPa, the PPV, accuracy, sensitivity, specificity, and NPV for diagnosing FFC was 100%, 82%, 46%, 100%, and 79%, respectively. With the cut-off SR \< 0.6, the PPV, accuracy, sensitivity, specificity, and NPV for diagnosing FFC was 100%, 68%, 8%, 100%, and 69%, respectively.

4. Discussion
=============

With a change in lifestyle, fatty liver is becoming an important health concern worldwide. Not only in Western countries, the incidence of fatty liver also rises dramatically in developing countries.^\[[@R21]\]^ Fatty liver can be homogeneous or heterogeneous. The heterogeneous fatty liver, especially mass-like FFC, is very likely misdiagnosed as hemangiomas, metastases, hepatic cell carcinoma, or other liver masses on B-mode ultrasound.^\[[@R4],[@R5],[@R22]\]^ The differentiation of mass-like FFC and real liver mass is vital in clinical practices, as different interventions would be applied. For patients with FFC, change in lifestyle and investigation on the underlying conditions are required to prevent the further progress of disease,^\[[@R3]\]^ while for patients with a liver mass, follow-ups, medications, surgeries, and other therapies are required depending on the nature of the liver mass. Although CEI modalities or biopsy have a more definite answer to this differentiation, they require higher costs and are not widely available. More convenient and efficient means for identifying FFC from liver mass may help reduce the necessity for further CEI or other examinations for FFC.

Ultrasound elastography has been considered as a useful tool for liver fibrosis assessment.^\[[@R12],[@R13]\]^ For differentiating benign and malignant focal liver lesions by ultrasound elastography, study results were promising,^\[[@R14],[@R23],[@R24]\]^ but more research is needed for its clinical recommendation.^\[[@R12]\]^ As for the differentiation of mass-like FFC and liver mass using ultrasound elastography, related information was quite limited to our knowledge. Therefore, instead of discriminating benign from malignant, our study focused on investigating the utility of ultrasound elastography for identifying mass-like FFC from liver mass, which was different from previous studies. Furthermore, we used 3 stiffness parameters (SV, ASD, SR) simultaneously to evaluate the difference of stiffness between mass-like FFC and liver mass group, which were more than the stiffness parameters used in most previous studies.

In our study by ElastPQ, the mean SV on 26 mass-like FFCs was 5.6 ± 2.4 kPa. It was significantly lower than that of the 53 liver masses (16 ± 12 kPa, *P* \< .0001). The different SV of mass-like FFC and liver mass could be explained by their difference in pathology. Most of liver masses are composed of hyperplastic or irregular hepatic cells with fibrous septa or increased abnormal vessel structure.^\[[@R25]--[@R27]\]^ However, mass-like FFC is induced by the inhomogeneous accumulation of intracellular fat within hepatic parenchyma due to altered blood supply and insulin level.^\[[@R28]--[@R30]\]^ The SV of FFS has been mentioned by Guibal et al,^\[[@R14]\]^ Heide et al,^\[[@R15]\]^ and Ronot et al,^\[[@R16]\]^ in their study. In the study by Guibal et al^\[[@R14]\]^ by SWE, the mean SV on 3 FFS was 6.6 ± 0.3 kPa. In the study by Heide et al^\[[@R15]\]^ by ARFI, the shear wave velocity was measured on 3 FFS and the mean shear wave velocity was 1.02 ± 1.16 m/s (around 3.1 ± 4.0 kPa). Those results were close to ours (5.6 ± 2.4 kPa). While in Ronot\'s study by SWE, the mean SV on 5 FFS was 11.3 ± 4.3 kPa.^\[[@R16]\]^ We further studied SR on patients with mass-like FFC and on patients with liver mass. Significantly higher SR (3.0 ± 1.9 vs 1.4 ± 0.6, *P* \< .0001) was observed on patients with liver mass than patients with mass-like FFC. In Ronot\'s study by SWE, the SR of FFS was 1.5 ± 0.62, which was quite similar to our consequence (1.4 ± 0.6).^\[[@R16]\]^ However, in the study by Park et al,^\[17\]^ the SR of FFS was 2.3 ± 0.77. The inconsistent SV and SR on FFS across different studies might be induced by the different technologies utilized and the limited number of study subjects would also influence the statistic results. In this study, ASD of mass-like FFC was significantly lower than liver mass (2.0 ± 1.9 vs 11 ± 12 kPa, *P* \< .0001). Through literature review, published data using ASD to characterize FFC by ultrasound elastography has not been searched yet. Other imaging method such as diffusion-weighted MRI (DWI) revealed that steatosis significantly decreased ADC (apparent diffusion coefficient) value in patients with HCV-related early and advanced stages of liver fibrosis.^\[[@R31]\]^ DWI indicated the structural difference quantitatively between steatosis and fibrosis, which was similar to the result of this study.

For the diagnostic performance of SV, ASD, and SR on differentiating mass-like FFC and liver mass, this study illustrated comparable capabilities of SV, ASD, and SR with AUROCs of 0.840, 0.842, and 0.791, respectively. When mass-like FFC is confused with liver mass, the clinical or radiological expectation is to identify FFC from real liver mass first and then adopt further examinations to confirm the nature of liver mass.^\[[@R6]\]^ Therefore, we identified the cut-off value that corresponds to the maximal PPV value for diagnosing FFC and then calculated the accuracy, sensitivity, specificity, and NPV. As illustrated in Table [3](#T3){ref-type="table"}, both ASD and SR illustrated PPV of 100% when the cut-off value was set to maximize the PPV for detecting FFC. However, ASD had significantly higher sensitivity and accuracy than SR (sensitivity: 46% vs 8%; accuracy: 82% vs 68%). With cut-off ASD \< 1.0 kPa, the accuracy, sensitivity, and specificity was 82% (65/79), 46% (12/26), and 100% (12/12), respectively, for diagnosing FFC. The result indicated that if the ASD of a suspicious "mass" was lower than 1 kPa, the lesion had very high probability to be FFC and could be triaged from liver mass. Therefore, further CEI or other examinations might be avoided.

Considering the easier clinical feasibility and fast and economic characteristics of ultrasound elastography, we tried to identify mass-like FFC from liver mass based on their stiffness difference. Although the result needs further validation, it is promising that ultrasound elastography may be useful for primary triage of mass-like FFC from liver mass, which might avoid further CEI or other examinations for diagnosing FFC. However, we still have some limitations. First, selection bias existed since only patients with simple fatty or normal liver background were enrolled in this preliminary study. Studies including various liver backgrounds on larger cohorts of subjects should be performed in the following study. Limited by the size of measurement ROI of ElastPQ, all lesions analyzed in this study were larger than 1 cm. Studies on smaller lesions (≤1 cm) should be conducted. Meanwhile, further studies using different elastography technologies for this differentiation may need to be compared.

In conclusion, pSWE may be a potential useful modality for identifying mass-like FFC from liver mass, which might help reduce the necessity for further CEI or biopsy for diagnosing mass-like FFC.

Abbreviations: ASD = absolute stiffness difference, AUROC = area under the receiver operating characteristic curve, CECT = contrast-enhanced computer tomography, CEI = contrast-enhanced imaging, CEMRI = contrast-enhanced magnetic resonance imaging, CEUS = contrast-enhanced ultrasound, ElastPQ = Elast Point Quantification, FFC = focal fatty change, FFS = focal fat sparing, FLL = focal liver lesion, IQR/M = ratio of interquartile range to median, NPV = negative predictive value, PPV = positive predictive value, pSWE = point shear-wave elastography, SR = stiffness ratio, SV = stiffness value, SWE = shear wave elastography.
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